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HIP of SivN/ powders with and without additives was 
performed using La, glass container, and various kinds o: 
pressureless-sintered Si^N^ were HIP'ed without a container. 
The effects of HIP treatment on density, raicrctetructurera 
flexural strength, microhardness and fracture'* foughness o 
Si^N^ ceramics were studied. Using a glass container it wa 
difficult ot reach theoretical density. The microhardness o 
HIP'ed SizN^ without additives Was low, and the fractur 
toughness ‘of HIP'ed Si^N^ with and without additives was 22 
25 W/rn-K, and it decreased with increasing the amount 0 
additives. The density, flexural strength and hardness o 
pressureless-s inhered 813 N 4 which contained Alp>0 and Yp 0 ^ a 
oxide additives were remarkably improved by HIP brea’tmen 
using nitrogen as a pressure b runs m i b t i ng gas. It is ver, 
important to select the sintering conditions for fabricatin 
the presintered body of Si-zN^ in order to improve th 
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1 Introduc tion 

A great Meal oP research and isvslopmen b is being perPxr nod 
La relation w L b’a UIlcoi nl br ids (fli^N^.) cor. a .-a i.c.j as high- 
temperature strength materials, no In components for gas turbines 
and d loo el engines, bub since bhe covalence i a strong anl the 
sel P~d L PPus ton coePPLeienb oP bhe 3trucbural atoms t.e extremely 
low [ 1 ] Lri bhe i i materials, lb is com :nont,y known bhab they 
poo oo oo very troublesome sintering properties [2]. Therefore, 
the manufacture [3] oP those types of high-dens i by sintered 
bodies has generally been performed by hot-press sintering, 
pressureless sintering, reaction sintering and OVD using small 
amounts of sintering additives (MgO, Al^O^, YjpO^, etc.)? but each 
oP these s inter ing methods also have various advantages and 
d is ad vantages . 


However, reports oP applications oP hot isostatic press 
(HIP) technology bo bhe sintering oP oi^N^ ceramics have recently 
been announced one aPbor the other accompanying improvements in 
the performance of the HIP equipment. Por instance, Yamada, eb 
al. [4] are reporting a correlation between phase transition in 
* "N’umbers "in 'the' 'margin ’xhdTcabV 'pagination in 'the 'fore ign text. 
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the <ltP -3 Labeling of HLjTj. powdery, as Lag gla is containers, w L bh 
and without addi b > ves -'tail bHni’ res il bant .leas i t i .os. Meanwhile, 
Honma, et al. [5][6] are conducting inves t ! gal; ions into sintering 
•load 1 b ions and HIP ooad 1. b Lons for Sl^H^ by performing direct HIP 
treatment on pro-sintered bodies which were manufaobared by hob 
press and pressnreless sintering methods, without ns lag 
ooabal ners. 

This article is a report of the results of the HIP treatment 
of S 13 N 4 powder with and without additives using a glass 
container and the performance of direct HIP treatment on Hi^N^ 
pro-sintered bodied rtaaufac bared by pros ear class* s Laboring, as 
well as the results of the measnremen b of the neehan tepal and 
thermal proper i; i.es of, and stadias on the influence of additives 
id 1 the effects 0 * HT. y on, the r-Maltant slnteral bodies. 


2 Metho dology 

2.1 Starting Base Materials 

The powder character is b Los of the 3 types of s tar b lag base 
materials 0 * the LU- 3 H 4 used la this bes b l ag are shown in Table I. 

3H-A. and 3H-B wore both maunfac bared by the a L t r i. f Lon b ion of 
metallic silicon, while 3N-0 was mana fac Oared by the gas phase 
method. Two types of compounds, MgAl^O^-Y^O^ and AlpQ^-Y.^O^ , /l 373 


Table 1. Characteristics of Si 3 N, powders. 



Phase 

(Wt3>) 



Content of elements 

(wife) 



Specific 

surface 


■ i 

fi 

N 

0 

c 

A1 ] 

Ca j 

Mg 

l Fe 

area 

(mV*) 

SN-A 

90 

4 

3S.2 

1,1 

0.48 

0,93 

0.04 

- 

0.03 

8.3 

SN-B 

£52 

8 

38, -1 

- 

- 

0.95 

0,24 J 

<0.01 

0.38 

8.7 

SN-C 

90 

10 

38.7 

- 

- 

<0, 01 

<0.01 

<0.01 

<0.01 

10.0 
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were used as sintering additives. 


2.2 Manufac ture of Glass-encapsula te d Materials and Presintered 
Bod_tei7Tor HfFlTr eat in e nif~~ “ ~ ~ ' 

The powders SN-A and SN-0 were manufactured liy themselves, 
or after having e*iual por bi.ons of MgAlgQ^ and YgO-j »n L xed with 
bh e m a i j i. uteri ng ad 1 i . b l . ves , under conditions of room 
tempo rat ure-300 MPa, into 7^ < pellets, Heat treated at 

1 200*0 in a nitrogen gas flow, and then packed Into BN capsules. 
Those BN-enoupsulubod samples wore then each wrapped in a sheet 
of molybden n (0.5 m m) and inserted into a py rex bubo ( interior 
diameter 11 mm), which was then vacuum sealed. 

Meanwhile, pro-sintered samples were manu fac bared by adding 
appropriable amounts of MgAlgO^-IgO^ and AlpO^-YgO-r, bo each of 
the starting powders 3N-B and 3N-G as sintering aldlbives, as 
shown in TaMe II, and mixing 


T.ii»k' II. Starting pmuWs of pressure -loss slntoroil 


bhe powders in an alumina pot, 

Si,S' 4 . 




then casting the powders into 

I 

Powder j 

| Additive 


KiN 1 i 

SN-B ! 

A1;0„ Y.Q, 



5mm x 6mm x 4Smra samples, and 

SStC 2 < 

SX-B 

MnAt.0,. V t 0, 



SS.V 3 1 

sx-c 

AtjOj, Y,0, 


finally, pressureloss sintering 

SSS 4 | 

SX-C 

Ms.UjO,, .jO, 



bhe samples for several hours ab 

1750°0 in N^ gas. The dimensions of bhe pre-s Labored samples 
after sintering were 4mm x 5mra x 39mm. 


2.3 HIP Trea t me nt 

A high-temperature, small-scale HIP device manufactured by 
the Kobe Seiko jo Co-, Ltd. was used In this HIP treatment. The 
hob zone of this HIP equipment is shown in Figure 1. The 
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ill Ann-* Ions of the treat innt; chamber were lOO^mm x 130 "mm and W~Ro 
was used hi a thermocouple. 

In the nnt}o of bhe RIP b reabmenb of bhe glass-encapsulated 
mater i ale, bh e a no up Mlulj material was £)Iaoo l i n Ij’i-? center or 

the hot ‘/.one >P bhe HIP miuipmenb, surrounded by BN powder which 
r 5 lie 1 h carbon crucible, and treated at 1430 bo 1700*0 under 100 
bo 150 MPa pressure, using Ar 


gas no a pressure- b ransm I b b i, ng 
medium. The '’a bo of temperature 
Increase and decrease in this 
0 a 0 e w h 3 a p p r 0 x i. m a b e 1 y 

1 000*c/hr . 

While, in the case oP bhe 


k~-IOQ*mm *'*| 
!(. — 90*nvn •*■•][ 


H 


Thtrmocoutf# w 
CarDon cru«.>i3(t 
BN contain* 

5 ample — 
Carbon heater 
01 ass - * 


BN pe*d?r *' 
pa»atr) 

Support ■■'*" 


'9l 

9 


E 


TT 


Q £ 


Fte- 1. Hot zono of H!P equipment. 


HIP treatment oP bhe pre-s Inhered samples, treatment was 
performed at 1700*0, 120 MPa, Por 60 minutes, using Ar and Np gas 
as pressure-transmi thing media. In these instances, the void 
surrounding bhe pro-sintered sample was filled with beta-Si^N^ 
and BH powders in order bo prevent bhe pre-sin bo red sample and 
the carbon crucible Proa coming in contact with each other. The 
rates op tempo rature increase and decrease used in these cases 


were approximately 1000°0/hr and 500°0/hr. 

2.4 Pens! ty Measurement, Crystal Phase Establishment, and 
Sca nn ing Electron "Mi cro scope Observat ionsf “ ~ 

After removing foreign substances from, and then polishing, 

the surfaces oP the resultant materials, the relative density op 

bhe materials was measured using Archimedes* method. The crystal 

phase oP these materials was also established by X-ray 
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diffraction analysis using Ou-K alpha rays [7]* Furthermore, 
goll dopes L t Lon was performed on the fracture surfaces of the 
materials in conjunct Lon with 3FM observation. 

2 • 5 Flexural Testing 

Flexural testing was performed on the pre-sintered samples 
and vsubse'iaent HIP treated materials, using a 3-point bending 
method at room temperature on 30mm span-lengths of material. The 
cross-head rats during testing was 0.5mm/min. The samples used 
for this flexural testing were "freshly sintered’, without having 
been polished or finished in any way. 

0 • 6 Thermal Conduct! vi by Measurement 

Thermal conductivity was determined by the laser flash 
method [O], using a T0-3000-H Thermal Coefficient Measurement 
Device manufactured by the Shinku Korl Co., ltd. Both surfaces 
of the samples were mirror finished with diamond paste until 
parallel and graphite was applied to one of the surfaces, while a 
thermocouple, for the detection of thermoelectroraotive force, was 
affixed to the other surface with Ag paste- The measurement was 
then performed by first heating the material bo 700*0 in an 
electric furnace, afte* initially placing the sample in a 
protective tube and creating a vacuum (bo 10“^ Pa) in the tube, 
and then performing measure men bo at the desired temperatures 
while gradually lowering the temperature i,n the electric furnace 
from 700*0 bo room temperature. Sapphire monocrystal was also /1 374 
used as a control sample. 
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2*7 Measurement of High-temperature Hardness and Fracture 

l£lcl " " * 

The resultant samples were parallel ground, afterwhloh, 
their surfaces were mirror-f i nlshed using boron carbide grit 
(//f> 00) and diamond paste (10, 4, 2, 0.3 urn). 

A Nikon QM Vickers Hardness gauge was used in the 
measurement of m icrohardness. A vacuum (to 10"2 p^) vras created 
In t’ne testing chamber to prevent the oxidation of the samples 
and the diamond pressure tip., and the measurements were performed 
every 100*0 from room temperature to 1200*0, using a Vickers 
diamond pressure tip (200 gram load). 

The method used by Nlihara, e t al. [10] was utilised in the 
measurement of the fracture toughness of the pre-slnbered samples 
[9], with equipment using a Vickers hardness gauge. K-j- c was 
determined by applying a pressure point load (1 kg) to the 
samples to develop not only pressure mark, but also cracks, and 
then reading 1/2 (a) the length of the diagonal lines (2a) of the 
pressure mark and the length of the cracks (c) extending from 
each point of the pressure mark using an optical microscope. 

5 Results and Obse rvations 

3.1 Hot Isostatic Press Sintering of the Glass-encapsulated 
Mate rivals “ ” 

The dependency on temperature of the relative density and 
beta-phase content of SN-A and SN-C powders which were HIP 
treated for two (2) hours at 1450 to 1700*0 and 150 MPa (120 MPa 
only at 1700*0), with and without additives, is shown in Figure 
2. Also, Figure 3 shows the changes in the? relative density of 
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wintered dumpies which were 'IIP 
I; r e a b e 1 f o I- f) 0 a l n a !j a s \ I; 
1 700*0, 130 M Pa while changing 
l; h d a m s u n b s 0 f I; h 0 ad d !. b L v e s 
used. Thu relative Imj i, I; tea of 
the add i. I; t ve~charged 3 L '■ rl 
these instances i.s a percentage, 
obtained by dividing its volume 
d e n s i b y by b h e 0 a 1 0 u l a I; e d 
density 0 b b a i a ad f r 0 m b h a 
m L k I; a r a r a b L 0 a a d r a l a b i v e 




Fig. 2. Effects of temperature on ’(at relative 
density and tb) tf-phnse content of SIjNj 
HIP'ed at ISO MPa for 2 hr in Ar gas. 
The pressure for HlPing at 1 700°C was 
120 MPa. 


weight of each of the additive ingredients. There to practically 
no dans L float ion 1450*0 when additives are present, bub as bhe 
temperature reaches 1500*0, densi f ication is rapid. However, 
even if bhe H T P b r e a t m e a b 
temperature Is raised beyond 
this, relative dens L by does nob 
increase even much further. 

Also, since bhe reXabive density 
did nob reach even as high as 



Additives (wtV.) 

Fig, .1 Rotation botwern ri’lntivi' ih'intiiy ami 
the amount of additives. 


approxi mabeXy 90$ when SN-C wars used by itself, it oouXd be said 
that this is a base material in which dens i float ion is difficult- 
The differences in dens i. f icab ion are believed bo be related bo 


bhe relationship between bhe purity of bhe base material and bhe 
phase transition rate from alpha bo beta, due bo bhe differences 
in the base powders SN-A and 3N-0. It was also observed, through 
bhe 3 ft M observation of fracture surfaces, that there was 
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veritably r w growth In bhe crystal grain? or non-add L hive-charge 1 
materials at 1500 * 0 , hub that there was a fair amount of crystal 
growth in those materials ho the temperature reached 1600*0. 
While, in the additive charged n ate rials, general crystal growth 
was observed ab 1500 * 0 , this tendency being remarkable in the 
oh so of 3N-A. Also, increasing the additive amounts did nob 
particularly promote dens L float Lon, but caused irregular grain 
growth. In order bo approach theoretical density, densi float Lon 
must first be nearly completed without causing any grain growth, 
afberwhich, a uniform structure must be constructed by causing 
slight, uniform grain growth, and it Is therefore believed that 
ib is neee3sary bo use higher temperatures and pressures bhan the 
used in bhe conditions of bhis experiment;. 


3*2 HIP Treatment of Pre-sintered Bodies 


The results of density measurements on pro-s inhered samples, 
manufactured pressureless s inter ing 3N-B and 3N-0 charged with 
sintering additives, HIP treated for 60 minutes at 1700*0 and 120 
MPa are shown in Figure 4* In 


order to discover the influence 
of the atmosphere surrounding 
bhe pro-s i, n be red sample, the 
pre-s Inhered samples were placed 
in 3 i 5^4 powder, in BN powder, 
and on top of BN powder, with 
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Fig* 4. Effect of HIP treatment on dcnslfication. 


the method of placing bhe material in Si^N^j. powder showing a 
tendency to increase density somewhat. However, denstities did 
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nob change, ifo »* the most par t?, In \? and Hp gas HT.P treatments 
cither. Only the 33N 1 pro~a Ub i>* sd sample showed a sharp 
inereajo In density, from 3. OB bo 3.21 grams/omg, when HTP 
treated in Ho gnu. A " b o r Ho g is ’IT 55 treat nsnb, bh is pre-e intoned 
u a H» pi a had oonden ,iod app ro * l ms b U,y 1 bo ">.% in length and 
npp '•oci’ti n bely 3 bo 4# in volume, with nearly bho j-vn^ content of 
3 1 ) a (3 d air pocket* as ho for 3 TUP b r on b mo n b . Tb was also 
observed, from bho results of X-ray diffraction analys in, that 
bho 'Ujtfy crystal structure had already already experienced 100# 
transition bo hoba-phase in bho manufacture of this pro-sintered 
sample s Lnce bho s laboring temperature had reached as high as 
1750*0, making further phase brans Lb I on through HIP treatment 
unnecessary. Also, no more bhan the peak of bho balm-3 was 
oheerved, even after Ar gas and Ng gas HXP breabment. Scanning 
olecbron micrographs of the fracture surfaces of SON 1 pre- 
sinbered samples as sintered, and after Ar gas RIP and Ng gas HIP 
treatments, are shown in Figure 5- Figure 6 shows the fracture 
surfaces of SON 2. pro-sintered samples as sintered and after Ng 
gas HIP treatment. It can he seen in Figure 5 that, when Ar gas 
HIP treated, most of the air pockets in 33N 1 are nob lost in 



Cb,ir~10;ir,O 

A« oii.kred Ar-Hlp NHIlP 

.1 W0C-IW MP.i-fi) Hill) 1 700C-1-U Ml’.l al 11,111 

Kin, 5. Scanning electron micrographs of fracture surface (SSM 1), 



spite of Hr P treatment under 120 MPa high-pressure gas and that 
their La v i-' l) unity no visible change in the erys but s brae burs, 
However, Ln bhn cane of the gas HI p treatment, in addition bo 

0 1. 1 gh b grain gr 0 w bh, nod; of I; He air pockets have bo in 
slim Isabel, showing a m Loros b rue bar 3 that ./oil reflects liH ? 
result; of increased lone I. by* On bhs jbher hand, in the 


case of ?m 2, virtually no 
loco of air pock© be can be coon 
a n si b h e s b r a 0 b a r 0 0 h 0 w s 

practically no change, in 0 p l b e 
of Mo ga 3 T IT,P I; reat men b. P’rom 
this, ib Is b e 1 1 0 v e d bhab the 
a d d i b i v e s added bo b h <3 p r* o - 
s3 Inhered samples have a great 
effect on l;lie reealbe of HT.P 
breabmenb . 

Volumetric expansion was observed in those samples that were 
Ar and Mo gas HIP treated. The cause of this not due bo the 
disintegration of the sample surface 3, bub was due, instead, bo 
decreases in density through hit breabmenb. However, the reasons 
bhab the volume )P the pre-s labored samples expands through HIP 
brcsabmsnb are jjresenbly unclear. 



{tar-W/Jiui 

.» n! n j N’i-HIP 

1%..* IS\IP,i I'O mm 


I'iv. *• tVannih,* I’lecirun ntte-grapht of 
fr ..'tur* gurfarc <.SSN‘ S’. 


3 • 3 Hlexur al Strength 

The results of the flexural strength measurement of pre- 
date red 3HM 1 and MSN 2 samples which were sub so..], usably Ar and 
Mj> gas HIP treated for 60 minutes at 1700*0 and 120 MPa in beta- 
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iUyfy powder, in BN pow*l^r , arid on bop of BN powder are shown In 
Figure ?. T’n 33N P. pro-s! nfcore I sample? showed h slight 
increase In flexural strength 
when HIP treated in beba-Bl^ 
ponder , But was, for the mo -it 
part, unchanged from the root of 
the samples. On the other hand, 

In the case of b h o 0 0 N 1 
s a m p T e s , i n oc ovh > w e r e 
o 1) s o r v o tl 1 n I; he flex a r a 1 
of; rang th of Ar and Mp gas IIFP 



Fi«. 7. Ritom Ii'inpi'ralim' iloxiiral strongth 
Numeral* to < ) imlicuto tin* number of 
mmi le* t«|pd. The open s>mM* are for 
Ar liir’ed SijNj anti the fillsil symbol* 
for Kj.HIPVt! SijN,, 


treato l pr .^sintered sum pi ns , particularly those treated with 
NoHtP, which thsw*l an approximate 50# Inoreasi in flexural 
3 breadth from X50 MPa to 500 MPa. Since beta-phase transition Is 


airs a 1/ 1 00# and vi rl; tally no griin growth Is vie ibl * In the pre- 
o Inhered samples, ns explained above , It 1. s believed, from 0 OM 
observation, that this l loourt in flexural strength can be 
attributed bo dene l float ton through the elimination of air 
pockets. Hi nee thle increased flexural strength was alee seen i.n 
those pre-slntered samples which were Ar gas HIP treated, there 
to alas the pees lb tl L by that iensi float i on l.s slightly promoted 
In pre-slntered samples which are HIP treat' 1 by Ar gas pressure. 
There is also a tendency In those pre-s inhered samples HIP 
treated In be ba-Si-^fJ^ powder to have greater density and flexural 
strength increases due bo the elimination of air pockets than 
those HIP treated In BN powder and on top of BN powder. This 
indicates that the Bid granules and the impurities contained 
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therein have a detrimental olTPaal; on bhe pro-s inhered bodies. 

3-4 Therma l Conductivity of Si^N^ Sintered Bodies 

The thermal non i no b i v i by ab d L F Fermib temperatures of 
add L b t ve-oharge 1 and uncharged n?l-A and 3M-0 sunples which were 
HIP treated Tor 2 hours ab 1Y‘)O°0 and 130 MPa and for 4 hours H l; 
1 >'>:)•') # 'J and 1 150 MPa are shown in Figure 3. The unjhargo 1 samples 
showed thermal i ml an b i, v i. by oP 
? ? I; i 3 5 W / m K a b r o o m 
I; e n p s r a I; a r e , nr i. b h dibble 
d L P F e r e n o e b e b w e o n b h o lorf- 
impurity 3H-0 and 3 A T~A samples. 

There was al to a tendency For 
bhe thermal o o n 1 no b i v i by bo 
d e « r e a a o a s b h o a d d L b i, vr e s 
amounts were increased [llj. 

The conduction oF heal; in an insulator such as Si^N^ is per Formed 
through phonon (nucleon vibration), but as additive amounts 
increase bhe grain boundary phase becomes more easily broken by 
impurities and, consequently, phonon is disrupted and thermal 
conduct '.v i by is decreased. However, when MgAljpO^ and YjjO^ are 
ailed .) i mul banco us ly at 3^wb each, thermal eonduebiviby is 
practically unchanged From bhe uncharged samples. The reason For 
this is believed bo be that the d is rap I; ion to the phonon, due bo 
grain boundary phase, is small when bhe additive amounts are low, 
while bhe growth oF the crystal grains, promoted by the 
additives, contributes to increased thermal conduct ivity. 



Fig, 8, Temperature dependence of thermal 
conductivity In SI3N4 with and without 
additives. 
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3-!5 'ilgh- temperature Strength and Fracture Toughness (K T ~) of 
S 1 5 N 5 Sintered Bodies" "* ~ ~ “ ~ ” 

Figures 9 and 10 show the dependencies on temperature of the 
hardness and Kp c of sintering addi hive-charged and uncharged SN-A 
samples which were HIP treated for 60 minutes at 1650*0 and 150 
MPa. Additive-charged samples showed a marked decrease in 
hur loess at around 900*0, which is believed to be due to the 
softening of the silicate glass of the MgAlgO^-YgO^ system which 
surrounded to the grain boundaries [11 ][12], On the other hand, 
the hardness of the uncharged samples showed a much slower 
Iodine at around 300*0. This is believed to be attributable to 


the formation or silicate glass 
material or from ingredients 
which seeped into the sample 
from the pyrex glass used as a 
container in HIP treatment. An 
3 i. p M p 0 peak w a s a c t u a 1 1 y 
observed by X-ray diffraction 
analysis in the uncharged 
samples. 

Meanwhile, both the charged 
and uncharged Si^H^ showed Kj c 
of approximately 5MN/ra^/^ at 
room temperature, which 
gradually decreased as the 


from the SiOp in the base 

r/io’ecj 



t/T< 10’ CIC’) 


Fill. *J. Temperature dependence cf Viewers 
mii'inli ndtit uf Illl ,, rr| FijV,. 



Temperature (*C) 


Fig. 10. Temperature dependence of fracture 
toughness of HIP'ed SijM,. 


temperature was increased. In the case of the additive-charged 
sample, condensation of the additives occurred on the surface of 
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the sample at high tempo future s (1200*0) since Lb was placed in a 
vacuum and a liquid phase formed, making bhe measurement of Kj (l 
extremely d L f P icul b . Judging from the Pact bhab bhe 
prcrssuroloss-sinbered, add L b L ve-oharge i samples formed liquid- 
phase at approximately 1 200 * 0 , Lb La believed bhab perhaps 
sinter trig was nob completely pro nob si by Hi? treatment and that, 
consequently bhe additives were nob 3 in be red, bub adhered to the 


grain boundaries simply as imparities. 

Figure# 11 and 12 the depends no f es on temperature of bhe 
hardness and K-[, 3 of 33^ 1 pre-si a 


treated 33N 1 samples. It Is 
apparent through Figure 1 1 bhab 
bhe hardness increased as much 
as 200 kg/ mm 2 in Vickers 
hardness after HIP treatment as 
c 0 m p a r e .1 b 0 before HIP 
breabmenb. • The cause of bhis is 
believed bo be bhe fact bhab air 
pockets are eliminated and air 
space, which creates plasticity, 
was decreased. The dependency 
of hardness on temperature was 
virtually the 
treated and 
bodies, in 
around 900 °0. 

K-j-j, of approximately 5-3 


be red samples and M?_ gas HT.P 



T# 10* 1*0 
1? W 0 # 4 5 2 
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Alter Nl-hIP 
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Fig. 11. HU’ing -<tTc’ct on Vickers microhardnoss. 
Tlie open circle is for the prt> wintered Si M, 
fSSN’ C :m.l the tilled circle fer N. Illl’Vd 
bode of Ss‘\ 1. 



Fig, 12. Temperature dependence of fracture 
toughness. The open circle is for the pre- 
sintered SijN, (SSN 1) and the filled circle 
for N; llil”ed body of SSN 1. 


same in the HIP 
u n b r e a b e d s i. n b e r e d 

bhab they both decreased slightly in hardness at 
HIP treated and untreated samples both also showed 
MN/m^/^, similar fluctuations even as 


/I 377 
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temperatures wore increased, and to ml one ies (Tor K Ic bo increase 
slightly at over 1000*0, corresponding bo the softness of the 
grain boanlari.es [12][13][14]. 


4- Co ncluaiona 

Sintered bodies were manufactured in this research by HIP 
treating additive charged and uncharged 3 i ^ ponders using a 
glass container, i.n addition to directly HIP treating 31^ pre- 
u in be red bodies which had been manufactured by the pressureless 
■i into r lug method. The relat ionship between th ) lensiby of the 
resultant sinter?! b>Hss and additive!, in -ilUti.su i; j the 
Vickers hardness, fracture toughness, flexural strength, and 
bher rial conductivity of these sintered bodies, was investigate!, 
yielding the following results* 

( 1 ) When glass containers were used, hardness was easily 
increased to approximately 95 bo 96# of theoretical density, bub 
theoretical hardness of greater than this not attained in spite 
of increased temperature conditions and increased additive 
amounts . 

Meanwhile, in the case of the pre-sintered materials, the 
manufacture of pre-sintered bodies co r respond i. ng to the HIP 
conditions is an extremely important process, and it is believed 
that theoretical density can be attained simply producing pre- 
sintered bodies which correspond to the TIT.P treatment. 

(2) It i s believed that the increased Pie <ur al strength 
through the HIP treatment of the pre-sintered bodies resultant 
from this! research was due to the el i. m i.nat i.on of air pockets, a 
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suase of the f ormub ion of cracks, rather than the s l;r ju I; i.*al 
sUungo Prom alpha-phase b > b }ba~phn.so. The Increase In flexural 
ib'MagbU lue bo TTP I# r »ub innt; was approxi mat sly 30$. T!s w' i i also 
lijc>v*rel I ;hab HIP treatment u be bu-3 powder is better than 
other methods* 

(?) The thermal conductivity oP Sl-jTfy v L thout additives kthu 
shown to be approx imately PP to 25 W/raK at room temperature 
through HIP treatment, which decreased an the add I . bi. ve amounts 
were L nor eased. 


(4) The fracture toughness value of additive-charged and 

uncharged TIT.P breabed using a glass capsule, whh shown bo 

be approx imabely 5 

(5) IN the case of the HIP treatment of pre-s inhered 
bodies, the density, flexural strength, and hardness of 33N 1 was 
Increased remarkably by N? gas HIP treatment, bub there was 
little change In Its fracture toughness value. 

(Prom a December 5, 1 9B3 lecture at the 13th Ceramic Materials 
Committee Meeting (Dal 1 3-lca 1 Ceramikkusu Zalryo Bam on I-inkai) 


% 

« 

refer SEC G3 

1) K. KijLmu and 3. Shirasaki, J. Chern. Phys. , 65, 26(58 ( 1976 ). 

2 ) 0. Oreskovlch and J.H. Rosoloski, «I« Amer. Ceram. Soc. , 59 , 
336 (1976). 

3) K. Suzuki, ZairyS Kagaku, 19, 5 (1982). 

4) 8. Yamada, M. Shimada, and M. Koizumi, Yagya Kyq kaisht , 90, 
118 (1982). 

5) K. Honraa, T. Tachi.no, H. Okada, 3- Kawai, and 14. Gishimoto, 
ZairyS , 50, 1005 (1931). 

6) K. Honma, T. Tachino, H. Okada, and H. Takada, Zairya , 51 , 

960 ( 1982 ). 

7) O.P. Gaazara and D.R. Messier, 4m. Ce ram. Soc. Bull., 56, 777 
(1977). 

8) W.J. Parker, R.J. Jenkins, C.R. Butler, and 0,1. Abbott, J. 
Appl . Phys. , 32, 1679 (1961). 

9) A.G. Evans, "Fracture Mechanics of Ceramics", Vol 1, edited 
by R.O. Brandt, D.P.E. Hasselman, and f.f. Lange, p. 17 
(1974) Plenum Press, Rev/ York. 

10) K. ELlhara, R. Morena, and D.P.H, Hasselman, J._ Mat er. 3 c i , 
Letters , 1 , 13 (1982). 

11) K. Tsukuma, M. Shimada, and M. Koizumi, Am. Cera m. Soc._ 
Bull . , 60, 910 (1981). 

12) M. Shimada, A. Tanaka, 3. Yamada, and M. Koizumi, Zairy q, 
31 , 967 (1982). 

13) A.G. Evans and S. M. Weiderhorn, J^ M ater. Sci^, 9 , 270 
(1974). 

14) R.K. Govila, J^_ Amer. Ceram. S oc. , 63 , 319 (1980). 


17 


